Championing stochastic electronic structure methods with CHAMP
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Duantum Monte Carlo

Stochastic solution to the interacting Schrodinger equation

ﬁVhy (real-space) quantum Monte Carlo (QMC)? \

. Favorable scaling! Energy is O(N?)

. Flexibility in the choice of the functional form of the wave function

KAmong most accurate calculations for medium-large systems j

Simplest flavor of QMC: Variational Monte Carlo (VMC)

Quantum Observables == Expectation Values == Integrals
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CHAMP

% Efficient algorithms for VMC and DMC

% Fast computation of derivatives of energy and multideterminant expansions

% Wave function and structural optimization for ground and excited states

% Multiscale approaches: QMC/(PCM, MM, MMpol)

Efficient Derivatives of Energ

7 Wave function and structure optimization
(Cost of VMC + forces )/ (cost of VMC) for polyenes C4Hs to CeoHe:
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Combining both optimizations (wave function + geometry)
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Targeting Real chemical accuracy at the EXascale

EXClted States

Accurate prediction of excited states can be very challenging.

Vertical excitation energy of thiophene
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In CHAMP: We can also follow structural relaxatlon in exmted states
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. . . . Scalability of the code
CHAMP code is currently improving its performance B Previous version
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e Memory access

o Compiler flags (inlining, align, fused-multiply-add) >
400
o AVX512 vectorization instructions

Time (seconds)
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e Loop restructuring (removal of low-count loops, non-
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conditional loop limits)

Number of Cores

Within the TREX-CoE, we are developing high-performance libraries.

TREXIO

Input/Output library for universal
data exchange among QC/QMC
codes

‘GAMESS’ ‘ CHAMP’
‘ QP2 !

QMC-Chem

QMCKI

Core QMC kernel library for highly
-efficient, optimized, scalable,
common QMC tasks

. NECI

TREXIO

Get libraries from GitHub



